Simple sequence repeat (SSR) is a popular tool for individual fingerprinting. The long-core motif (e.g. tetra-, penta-, and hexa-nucleotide) simple sequence repeats (SSRs) are preferred because they make it easier to separate and distinguish neighbor alleles. In the present study, a new set of 8 tetra-nucleotide SSRs in potato (Solanum tuberosum) is reported. By using these 8 markers, 72 out of 76 cultivars obtained from Japan and the United States were clearly discriminated, while two pairs, both of which arose from natural variation, showed identical profiles. The combined probability of identity between two random cultivars for the set of 8 SSR markers was estimated to be 1.10 × 10 -8 , confirming the usefulness of the proposed SSR markers for fingerprinting analyses of potato.
Introduction
Potato (Solanum tuberosum) is the fourth-largest food crop in the world, following maize, wheat, and rice. More than 4,500 potato varieties are cultivated in over 100 countries (Pieterse and Judd 2014) . As the number of known varieties increases, it becomes difficult to identify them by morphological markers. Thus, reliable methods of correctly identifying cultivars are strongly needed to assess the genetic diversity of the potato germplasm.
SSR markers, or microsatellites, consist of tandemly repeated DNA sequences with a core unit of 1-6 base pairs (bp). They have many positive features useful for the genetic profiling of individuals, including abundance in plant genomes, multi-allelic co-dominant patterns, ease of use, and high variability in the number of core-motif repeats. In the long-core motif (e.g. tetra-, penta-, and hexa-nucleotide) SSRs, neighbor alleles are more easily separated from each other, while di-nucleotide SSRs are subject to a lower level of separation of neighbor alleles and a higher level of stuttering, which make the interpretation of electropherograms and the allele call less reliable (Cipriani et al. 2008) . Long nucleotide repeats are widely adopted for genetic profiling in humans and animals (Butler et al. 2004 , Butler 2006 , Hammond et al. 1994 , Hellmann et al. 2006 , Ruitberg et al. 2001 . Meanwhile, regarding plants, the use of long nucleotide repeats has been limited to the variety identification of a few crops: grape (Cipriani et al. 2008 (Cipriani et al. , 2010 , Eucalyptus (Faria et al. 2011 ), olive (De la Rosa et al. 2013 , peach (Dettori et al. 2015) , and tea (Wang et al. 2016) .
In potato, SSRs have been used to study the genetic relationships and distances between wild and cultivated potato (Ghislain et al. 2004 , 2009 , Milbourne et al. 1998 . However, as with other crops, di-and tri-nucleotide SSRs have mainly been used, and few long-core motif SSRs have been reported (Ghislain et al. 2004 , 2009 , Milbourne et al. 1998 .
In the present paper, we propose a new set of long-core motif SSR markers for potato with the aim of minimizing genotyping errors.
Materials and Methods

Plant materials and DNA extraction
Ten potato cultivars of in vitro cultures were obtained from the University of Idaho as representative cultivars in the United States. Potato tubers of Japanese cultivars were obtained from the Hokkaido Research Organization (HRO) Kitami Agricultural Experiment Station (9 cultivars), the Nagasaki Agricultural and Forestry Technical Development Center (8 cultivars), and the NARO Hokkaido Agricultural Research Center (49 cultivars) ( Table 3 ). For each cultivar tested, DNA was extracted using the GM quicker 2 kit (Nippon Gene, Toyama, Japan) according to the supplier's protocol. according to the following criteria: (1) two or more peaks detected in a preliminary screening with 8 cultivars, (2) no null peak, (3) at most one marker in each chromosome to ensure independence of individual markers. As a result, 8 SSRs were further selected and an 8-plex PCR condition was designed (Table 1) . Based on the analysis of the 76 test cultivars, the number of peaks ranged from 6 to 12 (average 7.4), and the number of profiles ranged from 16 to 36 (average 24.4). For each locus, the discrimination power (PD) ranged from 0.725 to 0.942, averaging 0.886 ( Table 2 ). The probability of finding two random individuals with identical profiles at all 8 loci was an estimated 1.10 × 10 -8 , which provided enough discriminant power to identify the tested cultivars.
Among all peaks, the differences of peak sizes between B and C of marker 8242, C and D of 12002, and A and B of 46514 were within two bases, suggesting that these small differences of peak sizes may have been caused by insertion or deletion of nucleotide except for difference of SSR motif replication. Because one base difference of peaks is sometimes difficult to discriminate in peak callings, we propose to use reference cultivars in a practical discrimination experiment or to consider results of other markers profile when these peaks are used in cultivar discrimination.
The profiles of the 76 cultivars generated from the set of 8 SSR markers are shown in Table 3 . By using 8 markers, 72 cultivars were distinguished from each other, except for two combinations of cultivars: the combination of "Red Moon" and "Destroyer", and that of "Inca no mezame" and "Hokkai 98 (Inca Rouge)". Both of the latter cultivars are known as skin color mutants derived from the former ones,
PCR and DNA fragment analysis
Fifty-six SSR markers with a tetra-nucleotide motif from Spud DB (Hirsch et al. 2014) were initially selected. Using 4 Japanese and 4 US major cultivars, a preliminary test of PCR amplification was performed. After the screening, 8 markers were selected for efficient discrimination of cultivars.
Octaplex PCR reactions were carried in a 5 μL reaction mixture with 2.5 ng genomic DNA, 0.1 U of KOD -Multi & Epi-(Toyobo, Osaka, Japan) and appropriate concentrations of the primer pairs shown in Table 1 . The forward primers were labeled with any of 6-FAM, HEX, NED, and PET fluorescent dyes. The PCR reactions were carried out with the following thermal profile: one cycle at 94°C for 2 min followed by 30 cycles at 98°C for 10 sec, 63°C for 30 sec, and 68°C for 30 sec. Electrophoresis was performed in a Genetic Analyzer 310 (Thermo Fisher Scientific, Waltham, MA, USA). The PCR products were analyzed using GeneMapper v3.7 software (Thermo Fisher Scientific). For each locus, peaks were assigned letters in alphabetical order from the smallest to the largest ( Table 2 ). The number of peaks and the number of profiles per marker were evaluated based on amplification of the 76 test cultivars. Discrimination power (DP) was calculated as DP = 1 -∑P i 2 where P i is the frequency of the i th profile.
Results and Discussion
A total of 1,729 tetra-nucleotide SSRs were annotated by Spud DB (Hirsch et al. 2014) . Among them, 56 SSRs were selected based on a high number of repeats, and were tested Symbols of the peaks are described in Table 2 . Null indicates a cultivar in which no peaks are obtained with the corresponding primer pair.
suggesting that these two cultivar pairs respectively have the same genomic organization other than the corresponding gene for skin color. Cultivar identification of potato has been reported previously, and the markers described by Ghislain et al. (2004 Ghislain et al. ( , 2009 have been used widely. Since these markers are mainly di-and tri-nucleotide SSRs, the lower separation of neighboring alleles and the relatively high level of stutter bands are inevitable. In fact, Reid et al. (2011) reported that one allele of STM3023 (di-nucleotide SSRs) is located at the stutter position for the other allele, resulting in a complication of the allele call. Additionally, simplex PCR and the various annealing temperatures of the primers are timeconsuming and labor-intensive.
The set of tetra-nucleotide SSRs described here has no or extremely little stuttering, resulting in good reproducibility and reliability of allele calling. The 8-plex PCR conditions designed in this study allow simple and rapid analysis of cultivars. These markers will be helpful for the rapid identification of potato cultivars, and consequently for protecting plant breeders' rights.
